REPORT  DOCUMENTATION  PAGE 


Farm  Approved 
OMB  No.  0704-0188 


juhJJc  rmooina  burden  lo»  ;lv*  wHrrtxyi  of  information  n  ntiiueied  to  i»* r»ge  l  Kouf  per  rmpom*.  including  the  time  for  renewing  inuruetioro,  leirchmg  nutting  gau  wurto. 
aitherinTind  m«iriui*<n«  me  d«t>  n«d#g,  end  completing  jnd  renewing  the  coilittian  of  information.  Send  comment!  regirding  lhlt  burden  estimate  or  inf  other  iipeot  of  ihu 
nr  ininmiation.  tuuntiem  for  reduono  thlt  burden,  to  Wllh*noton  Headduanem  Senneet,  Directorate  for  Information  Operation*  and  deport*.  12 IS  Jefferton 


Af  infoffflitjyi  iftdUdllW  iboaMtiAfn  (of  xtili  t^den.  IO  vVllMQ(on  ServKM,  D*rccior>(€  <0^  InlOfflrtHiflfl  Opfritiont  and  ftipdrtl,  12 

D«S^hw£  ?^i  J  uoi ^r«ng2n!^22M^»r~vdYo The oSlce o f  Management  and  ludget.  eape~0rk  deduction  dre^ct (Of >4-0188).  Wath.ngton,  QC  20S03. 


1.  AGENCY  USE  ONLY  (leave  blink)  2.  REPORT  DATE 

February  21,  1995 


4.  TITLE  and  subtitle 

Basic  and  Applied  Research  in  the  Field  of 
Electronics  and  Communications 


3.  report  type  and  dates  covered 

1  Nov  91-31  Oct  94 


5.  FUNDING  NUMBERS 


DAAL03-92-C-0001 


PERFORMING  ORGANIZATION 
REPORT  NUMBER 


9.  SPONSORING /MONITORING  AGENCY  NAME(S)  AND  ADORE55|£$^ 


U.  S.  Army  Research  Office 
P.  0.  Box  12211 

Research  Triangle  Park,  NC  27709-2211 


10.  SPONSORING /MONITORING 
AGENCY  REPORT  NUMBER 


ARO  28925. 166-EL-JSEP 


11.  supplementary  notes 

The  view,  opinions  and/or  findings  contained  in  this  report  are  those  of  the 
author(s)  and  should  not  be  construed  as  an  official  Department  of  the  Army 
position,  policy,  or  decision,  unless  so  designated  by  other  documentation. 


iza.  DISTRIBUTION /AVAILABILITY  STATEMENT  12b.  DISTRIBUTION  CODE 

Approved  for  public  release;  distribution  unlimited 


13.  ABSTRACT  (Maximum  200  words) 

The  MIT  Research  Laboratory  of  Electronics  Joint  Services  Program  comprises  seventeen  work 
units  (see  below)  that  span  a  broad  array  of  topics  in  high-speed  optics,  surface  and 
phase  transitions,  submicron  structures  and  quantum-effect  devices,  the  electrical  behav¬ 
ior  of  interconnect  structures,  and  atomic  and  molecular  physics.  The  work  units  include: 

inGaAlAs  Quantum  Heterostructures  for  High-Performance  Devices;  inAlAs/InGaAe  Heterostruc¬ 
ture  Field-Effect  Transistors  for  Telecommunications;  Chemical  Beam  Epitaxy  of  II-VI/III-V 
Quantum  Wells;  Sub-lOOnm  Structures:  Technology  and  Electronics;  Single-Electron  Transis¬ 
tors;  Quantum  Transport  in  Low- Dimensional  Disordered  Systems;  Statistical  Mechanics  of 
Quantum  Dot*;  Femtosecond  Quantum  Optics;  Qltrafast  Optical  and  Electronic  Processes;  Ex¬ 
citations,  Ground  State  Properties,  and  Phase  Transitions  of  Surfaces;  Synchrotron  X-ray 
Studies  of  Surface  Disordering;  Statistical  Mechanics  of  Surface  Systems  and  Quantum- 
Correlated  Systems;  Step  structures  and  Epitaxy;  Molecular  Beam  Etching  of  and  Deposition 
on  Silicon;  Optical  Frequency  Metrology;  Precision  Instrumentation;  Electromagnetic  Waves 
in  Multilayer  Media. 


H.  SUBJECT 


19950308  069 


15.  NUMBER  OF  PAGES 

22 

16.  PRICE  COOE 


17.  SECURITY  CLASSIFICATION 
OF  REPORT 

UNCLASSIFIED 


1*.  SECURITY  CLASSIFICATION 
OF  THIS  PAGE 

UNCLASSIFIED 


19.  SECURITY  CLASSIFICATION 
OF  ABSTRACT 

UNCLASSIFIED 


20.  LIMITATION  OF  ABSTRACT 


Final  Report  to  the 
U.S.  Army  Research  Office 


Contract  DAAL03-92-C-0001 
“Basic  and  Applied  Research  in  the  Field  of 
Electronics  and  Communications” 
November  1, 1991  -  October  31, 1994 

Research  Laboratory  of  Electronics 
Massachusetts  Institute  of  Technology 
Cambridge,  Massachusetts  02139-4307 

Submitted  by 

Professor  Jonathan  Allen,  Principal  Investigator 

February  1995 

Approved  for  public  release; 
Distribution  unlimited 


Overview  of  the 

MIT  Research  Laboratory  of  Electronics 
Joint  Services  Electronics  Program 
for  the  period 

November  1, 1991  -  October  31, 1994 

The  MIT  Research  Laboratory  of  Electronics  Joint  Services  Program  comprises  seventeen 
work  units  that  span  a  broad  array  of  topics  in  high-speed  optics,  surface  and  phase  transitions, 
submicron  structures  and  quantum-effect  devices,  the  electrical  behavior  of  interconnect  struc¬ 
tures,  and  atomic  and  molecular  physics. 

The  RLE  program  has  developed  and  utilized  state-of-the-art  epitaxial  growth  techniques  for 
high-performance  devices  that  use  indium  gallium  aluminum  arsenide  quantum  heterostructures, 
as  well  as  indium  aluminum  arsenide/indium  gallium  arsenide  heterostructure  field-effect  transis¬ 
tors  for  high-speed,  high-power  telecommunication  applications.  The  RLE  program  is  unique  in 
that  it  provides  II-VI  and  II-V  integrated  growth  facilities  for  a  variety  of  projects,  most  notably 
the  metalorganic  molecular  beam  epitaxy  of  zinc  selenide  for  blue  light-emitter  applications. 

The  RLE  program  continues  to  provide  a  strong  array  of  capabilities  in  the  sub- 100- 
nanometer  structure  area,  which  is  essential  for  our  research  in  quantum-effect  devices.  Our  x- 
ray  nanolithography  capability  continues  to  expand.  This  will  lead  to  the  ability  to  grow  ex¬ 
tremely  small  MOSFETs  with  channels  less  than  one-tenth  of  a  micron  in  length.  The  acquisi¬ 
tion  of  an  electron  beam  lithographic  capability  has  complemented  our  x-ray  facilities.  This  has 
enhanced  both  our  direct-write  and  mask  masking  capabilities. 

Experiments  with  the  single-electron  transistor,  which  were  previously  reported,  are  aimed  at 
developing  new  techniques  to  decrease  the  scale  of  these  devices.  This  will  enable  these  devices 
to  operate  at  higher  temperatures.  Theoretical  efforts  have  also  been  directed  at  single-electron 
transistors  with  a  view  towards  understanding  basic  theory  and  revealing  possibilities  for  new  di¬ 
rections.  The  theoretical  research  is  also  focused  on  the  statistical  mechanics  properties  of 
quantum  dots  and  how  they  can  be  utilized  for  new  device  applications. 

Femtosecond  optical  capability  is  aimed  at  the  provision  of  all-optical  networks  and  all- 
optical  switching  by  using  compact,  solid-state  lasers  that  exhibit  additive  pulse  modelocking. 
Soliton  transmissions  have  been  studied  and  implemented  in  these  networks,  thus  permitting 
extremely  long  distances  between  repeaters  in  practical  systems.  The  femtosecond  optical 
capability  is  also  utilized  to  probe  electronic  materials  and  to  optimize  transport  properties  in  ex¬ 
tremely  fast  electronic  devices. 

Surfaces  are  central  to  modem  electronic  and  optical  devices,  and  the  RLE  program  contin¬ 
ues  its  strong  theoretical  effort  to  characterize  surface  phase  transitions,  impurities,  and  stress. 
Realistic  surface  profiles  are  computed,  and  defect  complexes  on  surfaces  have  been  realistically 
characterized.  Experimentally,  synchrotron  x-ray  diffraction  studies  using  high-power  x-ray  fa¬ 
cilities  have  revealed  new  surface  phenomena,  including  the  ability  to  move  plateaus  on  silicon 
surfaces  through  the  introduction  of  surface  currents.  A  detailed  understanding  of  the  atomic 


mechanisms  of  surface  reconstruction  has  been  obtained.  The  understanding  of  surface  rough¬ 
ness,  which  is  essential  for  many  applications,  has  led  to  a  better  understanding  of  new  fabrica¬ 
tion  techniques.  By  using  accelerated  neutral  halogen  atoms,  surface  reactions  (similar  to  those 
found  in  reactive  ion  etching)  have  been  studied  in  detail.  New  techniques  that  avoid  high  pres¬ 
sure  and  associated  surface  defects  have  been  devised  for  surface  etching. 

Many  electronic  and  optical  systems  require  extremely  high-precision  measurements  and 
standards.  The  RLE  JSEP  program  has  pioneered  the  development  of  optical  frequency  stan¬ 
dards.  These  developments  can  then  be  exploited  in  many  electronic  systems  that  involve  the 
synchronization  and  coordination  of  worldwide  systems.  Highly  accurate  techniques  to  measure 
mass  are  now  available  for  ultrahigh-resolution  studies  of  electronic  and  optical  materials.  These 
techniques  also  provide  a  uniform  and  portable  ultraprecision  standard  for  mass. 

RLE  participates  with  other  JSEP  universities  in  electromagnetic  studies.  The  focus  at  RLE 
is  on  propagation  through  multilayer  media,  such  as  that  found  in  computer  interconnect  struc¬ 
tures.  Direct  solutions  in  the  time  domain  have  provided  a  new  understanding  and  the  capability 
to  decrease  the  delays  imposed  by  these  networks. 

A  continuing  direction  of  the  RLE  program  is  the  study  and  exploitation  of  individual  atoms 
and  molecules,  as  well  their  contribution  to  the  behavior  of  practical  electronic  and  optical  de¬ 
vices.  The  direct  control  of  individual  charge  carriers  is  now  feasible,  and  there  is  an  increased 
understanding  of  possibilities  for  new  quantum-effect  devices  based  on  cavity  quantum  electro¬ 
dynamics  in  solid-state  Coulomb  blocking  effects.  The  RLE  program  continues  its  efforts  to 
realize  new,  practical  devices  with  outstanding  performance  to  exploit  these  effects. 
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